Food dispersions are the most frequent and most important food components. Useful information was obtained in the investigations of liquid emulsions. The results obtained in their study were compared with tomato ketchups. They were chosen as an example of food dispersions with low lipid content. A set of 20 samples of tomato ketchups purchased on the native market were analyzed by several rheological procedures (RheoStress 300) and by sensory profiling both of textural and flavour characteristics. The psychorheology was used for the determination of relationships between results of instrumental and sensory measurements. The data base obtained was processed by statistical methods. The temperature affects the results differently, but it is not useful to study temperatures below room temperature. The rheological parameters agree with the Herschel-Bulkley equation. Therefore, the psychorheology was applied as a suitable complex method. About a third of plots between two variables were significantly related. Several statistically significant relationships were obtained between rheological attributes, sensory attributes, and the combinations between rheological and a sensory attributes. Great variance in all characteristics was observed in all samples variables. Similarly as in case of lipid dispersions, the sensory texture acceptability was significantly related with the overall flavour acceptability, similarly as in case of other food dispersions. It proves the importance of texture in consumption of tomato ketchups.
Introduction
Food emulsions and other dispersions belong to very frequent food constituents. In previous papers, we studied several food emulsions, such as fat foams (1988), margarine (1988, 2001) , dressings and tartar sauce (2006) . It was considered as interesting to investigate properties of tomato ketchups as example of low-lipid food dispersions. Ketchup is almost exclusively prepared from tomato juice, onion, vinegar, sugar, and various spices (Brummer, 2006) . Because of great importance of both the rheology and sensory value, psychorheology was applied for evaluation.
Consumers prefer thick products, therefore, tomato ketchup is now prepared with addition of thickeners especially starches (potato, corn starch, modified starches). Various hydrocolloids, e.g. carboxymethylcellulose, xanthan gum, locust been gum, guar gum and traganth gum are now increasingly used (Sahin, Ozdemir, 2004) .
Intensive application of thickeners results in great number of products with variable rheological properties. Therefore it would be useful to investigate relationships of texture in a larger set of commercial samples. The samples should be tested from the standpoint of psychorheology (Barnes, 1999) , i.e. a combination of rheological and sensory properties.
Materials and methods
A total of 20 commercial samples of tomato ketchups were purchased at various supermarkets and immediately stored in a refrigerator. Some samples were of local production, but, other were imported. The samples were then analyzed both at 23 °C and 45 °C (a total of 40 results).The temperature of 23 °C corresponded to the room temperature, the temperature of 45 °C corresponded to ketchup applied on hot meal.
Rheological analysis
Several rheological data were obtained (List of symbols). The apparent viscosity, thixotropy, storage (elasticity) modulus, loss (viscosity) modulus and the complex modulus were measured using a Rheometer RheoStress 300 (Thermo Haake, Karlsruhe, Germany) in coaxial cylinders system, equipped to prevent slipping on the walls of measuring cylinders. Flow curves were determined in the shear rate range 0-150 s -1 (the measuring time of the "up-curve" and the "down-curve" has been 60 s). Apparent viscosity η a was calculated as the ratio between shear stress τ and shear rate γ at the maximum shear rate of 150 s -1 . The yield value was determined using a vane rotor as the maximum value of the shear stress on the time axis at a constant shear rate at the vane rotor γ = 0.5 s -1 (Steffe, 1996) . Fresh samples were used for measuring at two temperatures. Each measurement was repeated three times.
It was found that ketchup is a viscoplastic substance from the rheological point of view. The results agree with the Herschel-Bulkley equation (Herschel, Bulkley, 1926; Roberts, 2003; Jaros, Rohm, 2003) :
. Regressions were measured from the "down curve" of the flow curve, i.e. after elimination of the thixotropy. As the evidence, the flow curve of the ketchup Spak Gourmet is shown in Fig. 1 . Results of the regression measured on the "down-curve", following the Herschel-Bulkley equation: τ o = 17.4 Pa, η pl = 9.6 Pas, n = 0.395, regression coefficient r = 0.9996. Regression coefficients in case of all samples studied at the two temperatures behaved between r = 0.999 -1.0.
Good agreement between the experimental results and the Herschel-Bulkley equation were reported from another source (Varela et al., 2003) .
The existence of thixotropy of tomato ketchup is evident from Fig. 2 , constructed after the procedure given by Brummer (2006) .
The structural breakdown and subsequent building of the structure is explained here. The first part of the experiment was performed in a linear viscoelastic range. In the second part the strain increased sharply. This behaviour results in a significant decrease of all moduli. In the third part of the experiment the strain decreased suddenly, returning again to the original viscoelastic range, and after a few minutes both the moduli reached again their starting values. Earlier, the thixotropy of tomato ketchup was reported from another laboratory (Autio, Houška, 1991).
Sensory evaluation
Sensory analysis was carried out under standard conditions as specified by the respective ISO standards: The testing booths after ISO 8589, 2007; judges after ISO 8586.1, 1993 ; preparation and serving of samples after ISO 68589, 2005; scales after ISO 4121, 1978 ; the flavour acceptability after ISO 6564, 1985 ; the texture acceptability was determined in the same way. Each result was calculated from 12 determinations.
Statistical methods
Data obtained in the experiments were analyzed by ANOVA and multiple regressions using the software STATISTICA 4.0. 
Results and discussion
It could be expected that properties of ketchups would be very variable depending on the manufacturer's plans, which was so confirmed by experiments. Standard deviation between two evaluations of the same sample varied by 30-40 % of the respective means, while the values varied between 15-20 % in case of sensory evaluation. All relationships presented in Figs. 3-6 include all samples and both temperatures of 23° and 45°C.
In spite of great variability properties, the number of significant relationships (P = 0.05) was surprisingly high (out of 141 combinations of variables, 58 were statistically significant). Most relations were linear or very close to linearity, which may be explained by narrow range of values in the tested material. No relationship was detected between the static yield value and other variables. Great range among properties of individual samples can be explained by the assumption that the differences decrease with the decreasing temperature in case of the rheological methods than in case of sensory results. Of course, it is not useful to study temperatures lower than the room temperature as tomato ketchups are not tested by the sensory analysis among the consumers immediately after removing from the refrigerator, or if tested, they would not affect the texture acceptability.
As could be expected many relationships were found among rheological variables. An interesting example is the significant relationship between the plastic viscosity (HB) and the apparent viscosity (Fig. 3) .
Relationships between the sensory characteristics are very interesting, especially sensory testing on the plate, before sample ingestion, such as between the resistance towards ladling and pouring the sample (Fig. 4) . Data on the plate have been obtained before the contact of the sample with the oral cavity, i.e. under conditions close to those of the rheological measurement.
In some cases the rheological measurement can predict the sensory attribute, e.g. the storage modulus and the pouring sample from the spoon (Fig. 5) or the storage modulus and the viscosity perceived in the mouth.
Surprising is the close correlation between acceptabilities of sensory texture and overall flavour (Fig. 6 ). Similar relations were observed in fat foams (Štern et al., 1988) , margarines with varying fat content (Štern et al., 2001) , yoghurt mayonnaise (Štern et al., 2008) or tartar sauce (Štern et al., 2006) . The data prove the importance of texture percept for the overall flavour evaluation. 
Conclusions
A set of 20 commercial ketchups was tested at two temperatures with several rheological methods and sensory profiling. Great differences were observed among samples but still many statistically significant relationships were found on statistic evaluation partially also between rheological and sensory characteristics. These differences would become more pregnant if lower temperature is included in the measurements. Similarly as in case of lipid dispersions close relation between the sensory texture acceptability and overall flavour acceptability were observed. In some cases the rheological measurement can predict the sensory attribute.
